Abstract: This article investigates the fundamental value of digital platforms, such as Facebook and Google. Despite the transformative nature of digital technologies, it is challenging to value digital services, given that the usage is free of charge. Applying the methodology of discrete choice experiments, we estimated the value of digital free goods. For the first time in the literature, we obtained data for the willingness-to-pay and willingness-to-accept, together with socio-economic variables. The customer's valuation of free digital services is on average, for Google, 121 € per week and Facebook, 28 €.
Introduction
Digital technologies have fundamentally transformed the nature of the economy, including the provision and consumption of digital goods and services (Van Alstyne et al. 2016; Tirole 2017) . The daily usage of search engines, among others, Google, Bing, Baidu, Yahoo, or DuckDuckGo, has deeply changed customer's consumption patterns. Similarly, more than 1 billion people in the world use Facebook in order to share information and stay informed about news. In fact, these platforms are the guardians of the digital economy.
Looking at the fundamental value of digital platforms-such as Google or Facebook-is however, sophisticated, because platforms grow thanks to very low prices. Indeed, most digital services are offered at zero price (Anderson 2008) . This attracts users on one side of the market, and enables the platform to earn revenue on the other side of the market. Consequently, platforms are the matchmakers in two-sided markets (Evans and Schmalensee 2016) .
No doubt, the standard financial valuation metrics have limitations for digital platforms in general and digital services in particular. This is also a challenge from a macroeconomic perspective, because free goods are not included in the Gross Domestic Product (GDP), which measures the value of all produced goods and services in a country. Consequently, even the measurement of GDP is becoming increasingly inaccurate (Brynjolfsson and Saunders 2009; Brynjolfsson and McAfee 2014) . This paper addresses the following fundamental research question: How can we determine the fundamental value of digital platforms, even if the price of digital goods is zero?
The stock market value of digital firms is mainly derived from targeted advertising revenues. One example would be the short advertisements at the beginning of most YouTube videos. This is the main channel for profits, because the price of using digital services is the provision of personalized data from customers to the platform.
Literature Review
This paper relates to at least two areas of the economic literature. Firstly, there is long-standing and established literature about public goods. In general, public goods comprise all those, which can be obtained by everyone without direct payment, such as national defense (Samuelson 1954) . A free good is an extreme form of a public good, for instance air, which is even free of charge in general (Schmidt 1970) . Already, Musgrave (1959) realized that some public goods create bad economic outcomes, for instance, bad consumer choices or market failures. He labelled demerit goods as those with disadvantages to the citizens, and merit goods as those with advantages.
New digital businesses, such as Facebook and Google, also create services at zero price (Anderson 2009 ). Thus, the provision of digital services has similar characteristics to free goods. In the literature, we further distinguish club goods and public goods. A club good excludes some people from using it, for instance a golf court. In general, digital services are defined by the following two properties: first, they are completely free of charge; second, they require a once-in-a-time but free registration. Consequently, digital goods are in a spectrum between private and public goods or so-called mixed goods (Goldin 1977; Loehr and Sandler 1978) .
Secondly, there is growing literature about digital technologies and their impact on the macro-economy (Brynjolfsson and Saunders 2009; Brynjolfsson and McAfee 2014) . The surplus that consumers obtain from using the free goods is, however, hard to scale in general (Brynjolfsson et al. 2018) . In recent years, researchers have developed new methods in order to estimate consumer's well-being of free goods. Shelanski (2013) investigated the increasing value of intangible assets such as customer attention and personal information in the digital world. He identified that the compensation for offering a free good is the access to valuable consumer data. Tucker (2010) , for instance, determined the value of customer information. He studied click sequences while purchasing goods on online platforms. Tucker (2010) and Evans (2009 Evans ( , 2013 found that the increasing consumer interest to social media switches the attention of customers. In fact, online platforms compete for attention and personal data. However, "the value of privacy is underestimated by many consumers and that further stimulates the consistency of free goods in the digital world" (O'Brien and Smith 2014).
More recently, Gal and Rubinfeld (2015) studied the hidden costs of free goods and identified their effect on welfare. Another stream of research has tried to find how much a user would pay to use a web search if it is not available for free (Evans and Schmalensee 2007; Edelman 2009 ). They found that users would pay substantial fees. Similarly, Brynjolfsson et al. (2018) evaluated free goods that carry no monetary price tag. They used experimental data in order to obtain consumer valuations. In principle, they asked the consumers to keep the digital goods-for instance Facebook-or accept the monetary compensation for giving it up for a certain period. They estimated the median willingness-to-pay (WTP) for giving up Facebook to be $37.76 for a month. The main reason for the high valuation of digital platforms is due to the benefits of network effects (Rochet and Tirole 2006; Rysman 2009 ).
For the first time, our research estimates the socio-economic impact on how much a consumer is willing-to-pay and willing-to-accept in order to give up Facebook or Google. Additionally, we focus on consumer's age, as well as on their privacy concerns with online data. We study these issues with Facebook, because it has the largest user base with more than 1 billion users. Similarly, we collected data about Google, because it is one of the most popular search engines in the world, covering more than 88% of the market share. Both digital services have the characteristic that they are available free of charge (von Hippel 2001; Lessig 2002) . Contrary to the present literature, we included socio-economic characteristics such as gender and educational background. As a by-product, we studied the relationship to the stock market valuation of digital platforms.
Methodology
This paper is based on an online choice experiment accompanied by a survey methodology, in order to obtain socio-economic and geographic data. The objective is the measurement of peoples' characteristics and the WTP, as well as the willingness-to-accept (WTA) for Facebook and Google. Based on this information, we analyzed the data and derived the fundamental value of digital platforms in general. The WTP and the WTA might differ across goods because of diverse preferences. Hence, the experimental data helps to discover new behavioral patterns. Moreover, our data is the prerequisite for the valuation of digital platforms.
In theory, one approach to find out the monetary value of a good is to ask the customer directly. In general, however, directly asking consumers for valuation is tricky. Firstly, they would probably hide the true value. Secondly, there are high costs involved in asking consumers. Thirdly, customers merely reveal a subjective willingness-to-pay or willingness-to-accept, and they do not reveal the price or welfare in general (Miller et al. 2011; Carson and Groves 2007) . Therefore, we utilize the idea of choice experiments that provide more flexibility in order to find out the true valuations. Of course, there are also limitations to this approach, namely: in the progress of the experiment, you must gather all of the relevant information of potential customers with a survey.
The application of discrete choice experiments, combined with a survey methodology, however, tackles this challenge and provides original data. This approach has recently been utilized in order to find consumer preferences (Louviere et al. 2000) . It gives consumers fixed alternatives to choose, while the experiment varies the options, including the prices. This methodology reveals the price sensitivity of consumers and allows for the derivation of demand curves (Rao 2014; Brynjolfsson et al. 2018) .
Our methodology combines the experiment with a survey. Thus, it further enhances the literature, because it directly distinguishes between the WTP and WTA in relation to socio-economic variables. Firstly, we offer respondents several fixed prices to keep access to Facebook and Google. Here, the respondents can answer with yes or no. Secondly, if the answer is no, we offer those respondents the chance to enter a free specific amount of money (WTA), in return for accepting the offer. If they have chosen to keep using the good, we ask the same question, but a higher amount of money is proposed. If the respondent still wanted to keep the good, we asked them again to write the minimum amount of money they would be satisfied with in order to accept the offer to give up Facebook or Google for a certain period (a week, month, or year). This method allows us to find the WTP and WTA for different price ranges.
The first part of the experiment consisted of standard binary choice questions (Carson and Groves 2007; Carson et al. 2014) . We proposed giving up Facebook or Google for monetary compensation, or alternatively, if the price was too low, they could keep using the service. Secondly, we utilized the Becker-DeGroot-Marschack lotteries in order to find the minimum WTA for giving up the service (Becker et al. 1964) . The combination of both approaches simplifies the questionnaire for the respondents on the one hand. On the other hand, it provides new consumer data, given that ordinary people are not used to thinking about the WTP for free digital goods, such as Facebook and Google. Therefore, respondents have to first choose between several fixed prices, before we ask for a free valuation of the digital service in step two.
We conducted the overall experiment with a standard procedure. All of the voluntary participants had to do a survey at first. The survey gathered socio-economic and geographic data as well as digital knowledge, digital skills, and other characteristics. Next, in step two, all of the participants had to do the online discrete choice experiment, as explained above. Here, the participants revealed their WTP (or WTA) in order to give up Facebook or Google for different periods, in exchange for monetary compensation. We conducted the experiments and survey between February and April 2018. The details regarding the survey and experiment are in Appendix B.
Our sample consisted of two independent experiments. All participants voluntarily agreed and gave an inform consent for this study. Sample A was for Facebook and sample B was for Google. Sample B (Google) had 75 participants in total. Sample A (Facebook) had 80 participants. The majority of sample A, 91.3%, were in the range of 20 to 30 years old. In sample B, 73 out of 80 respondents had a Facebook account. The age ranged from 17 to 88 years old, but the majority, 94%, were below 30 years in sample B. Thus, the two samples are similar in their socio-economic characteristics.
In sample A, people are from 14 different nationalities-50% Germans, 19% Chinese, 9% Ghanaian, and 7% Vietnamese, as well as other nationalities such as American, French, Italian, British, Chilean, Malaysian, Nigeria, Cameroonian, Turkish, and Pakistani. Both samples consisted of roughly 53% males and 47% females. In terms of education level, 29% had a high school degree, while 55% held a Bachelor's degree, and the remaining 16% held a Master or PhD degree. In total, both samples are similar and represent the average the younger generation in a modern society.
Given the data, we use economic methods in order to find the demand of the digital service as well as the fundamental value of platforms in a two-sided market. Figure 1 illustrates the economic model graphically. The optimal pricing of the platform services is characterized by high fixed costs and a low-almost zero-marginal cost (MC). Hence, in the early stage of platform companies, the pricing is similar to a natural monopoly (Tirole 2017) . The fixed costs for the platform, for instance for online data storage, are sizeable. The marginal cost, however, is always very low. Over time, the average cost (AC) declines towards zero at the critical mass, X M . In fact, new users create a benefit for the other side of the two-sided market. The platform exponentially monetizes the personal data of users and so reduces the cost of serving each user. Machine learning (ML) magnifies the profit because platforms extract new consumption patterns. These data patterns are sold to other firms for targeted advertising. As a result, the average cost is almost zero, while the number of customers is greater than the critical mass, x > X M .
The profit-maximizing quantity is determined, where the marginal revenue equals the marginal cost, as indicated by the optimal point, X M . However, this is also the break-even point for digital platforms. Thus, for free digital goods, the consumer surplus is represented by the scattered triangular area. Note, over the time, that the demand curve for digital goods is of an S-shape. This shape characterizes a slow demand in the beginning, and after hitting the break-even, the demand is free of scale, due to the network effect and economies of scale. The profit-maximizing quantity is determined, where the marginal revenue equals the marginal cost, as indicated by the optimal point, XM. However, this is also the break-even point for digital platforms. Thus, for free digital goods, the consumer surplus is represented by the scattered triangular area. Note, over the time, that the demand curve for digital goods is of an S-shape. This shape characterizes a slow demand in the beginning, and after hitting the break-even, the demand is free of scale, due to the network effect and economies of scale.
Analysis and Discussion

Facebook
Based on our survey, we found that the main purpose of using Facebook is for communication with family and friends (38.9%) and gathering information about friends (40.3%). The other purposes are negligible, such as entertainment, posting and sharing, or business. Only 15.3% used Facebook primarily for entertainment, 4.2% to share news, and about 1.4% relied on Facebook for business purposes. This finding indicates that the value of Facebook depends somewhat on the quality of the relationships among users, particularly between their family and the number of friends.
A correlation analysis of the number of friends reveals that the more friends they have, the higher the willingness-to-pay to keep Facebook. In fact, there is a significant positive correlation of 71.6%. In addition, we found that 75.7% of all participants were willing-to-give-up Facebook for 20 € for one week. Another 15.0% were willing-to-give-up this platform for 50 € and 7.1% for 100 € per week. Only two participants required a higher compensation. Their WTA in order to give up Facebook was extremely high, because they rely on Facebook for business or work. Hence, the WTA has to compensate or exceed the profits. These two participants estimated an amount of 5000 € in order to give up Facebook for one week. Later on, in our analysis, we treat these two responses as outliers. Figure 2 represents the demand curve or willingness-to-pay for Facebook. The experimental data reveals that 55 respondents had a WTP of 20 € per week, 11 respondents had a WTP of 50 € per week, and three respondents had a WTP of 100 € per week. In total, we had 69 data points, with the exclusion of two outliers. The logarithmic fit of the data was of good quality, with an R-squared of 0.95. From this approximation, we found the prohibitive price of approximately 125 € and computed the minimum number of people for a free good (network effect) per week, as follows: 
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27.16 = 98.22
(1)
Moreover, we indicate the standard errors by the statistical intervals in Figure 2 . The error denotes a certain overlap of the WTP of 20 € and 50 €, respectively (Hausman 2012) . In total, we found a weighted average willingness-to-pay (WTP) of 28.26 € for Facebook per week.
Interestingly, we also found in our survey that 99% use multiple social media platforms such as Instagram, Twitter, Snapchat, Skype, and so on. These platforms serve somewhat as substitutes for Facebook. For instance, LinkedIn focuses on business related people and Snapchat revolutionized the social media platforms with a story-telling feature, where users can upload their daily videos for 24 h. Instagram, however, is the best substitute to Facebook, according to our survey.
Hence, the large number of substitutes to Facebook and its critical dependence on the network effect, might explain the lower WTP in comparison to other digital goods, such as search engines in the next subsection.
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Our experiment reveals the expected finding. Analyzing the WTP for the fixed price categories of 15 €, 80 €, and 1000 € reveals a downward sloping shape of the demand curve (Figure 3a) . This is a robust finding. The same downward sloping curve occurs for the free price categories (or willingness-to-accept), where the participants can freely enter a price in order to stop using Google or other search engines (Figure 3b) .
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Our experiment reveals the expected finding. Analyzing the WTP for the fixed price categories of 15 €, 80 €, and 1000 € reveals a downward sloping shape of the demand curve (Figure 3a) . This is a robust finding. The same downward sloping curve occurs for the free price categories (or willingnessto-accept), where the participants can freely enter a price in order to stop using Google or other search engines (Figure 3b) .
The experimental data demonstrate that the demand for search engines, including Google, is rather inelastic. A more inelastic demand curve provides a greater producer surplus because consumers are willing to pay a high price. Again, other search engines are perceived as substitutes for Google.
In addition, we found a gender gap in the willingness-to-pay for the Google and other search engines. Female participants were willing to give up Google for 162.67 € and male for 85.29 €, significant at 1%, for a week. The WTP was even higher if it was about search engines in general. The average female had a WTP of 267.62 € and male of 192.22 € for a week (Appendix A). Again, the difference is significant at 5%. If we ask people to give up Google or a search engine in general for a month or year, of course the WTP is higher. Strikingly, for a longer time horizon, the gender gap is insignificant. Finally, we found that the weighted average of the willingness-to-accept in order to give up Google was about 121.56 € per week. The computation of this value was based on the WTA or the free price categories. However, the willingness-to-accept for search engines in general, was even higher and was 232.82 € per week. The higher amount was expected, because giving up search The experimental data demonstrate that the demand for search engines, including Google, is rather inelastic. A more inelastic demand curve provides a greater producer surplus because consumers are willing to pay a high price. Again, other search engines are perceived as substitutes for Google.
In addition, we found a gender gap in the willingness-to-pay for the Google and other search engines. Female participants were willing to give up Google for 162.67 € and male for 85.29 €, significant at 1%, for a week. The WTP was even higher if it was about search engines in general. The average female had a WTP of 267.62 € and male of 192.22 € for a week (Appendix A). Again, the difference is significant at 5%. If we ask people to give up Google or a search engine in general for a month or year, of course the WTP is higher. Strikingly, for a longer time horizon, the gender gap is insignificant.
Finally, we found that the weighted average of the willingness-to-accept in order to give up Google was about 121.56 € per week. The computation of this value was based on the WTA or the free price categories. However, the willingness-to-accept for search engines in general, was even higher and was 232.82 € per week. The higher amount was expected, because giving up search engines in general is a great loss in daily consumption and work convenience. While giving up merely Google is less problematic, because there are other online search engines available.
Another observation stands out. The WTA for the longer horizon is hump-shaped (i.e., slightly increasing in the medium-term and declining in the long-term). In order to give up Google for a month, the WTA is 620 € (Appendix A Figure A2 ). Dividing this number by four in order to obtain the weekly amount is 155 €. The average WTA for giving up Google for a year is of 1326.25 €. Computing the weekly amount by dividing it by 52 weeks is only 25.50 €.
Finally, we computed an ordinary least square (OLS) regression. The independent variables are the WTA for Google and the WTA for search engines in general. We estimated the regressions with and without log-transforms of the data. The regression equation is as follows:
where the variable GDPR denotes individual concerns about the "General Data Protection Regulation" (GDPR) in Europe, and is a standard random noisy. The variable EDU denotes the educational level (i.e., either high-or low-skilled). First, we expect that the willingness to give up digital services declines with age. Indeed, for model 1 and model 2, the age coefficient is significantly negative (Table 3) . The older a person, the lower the WTA in order to give up search engines. In fact, we obtained a negative and significant coefficient of −0.17 at 5% significance, and of −0.49 at 10% significance. Note: Standard error in bracket. And *** = 1% significant; ** = 5% significant; * = 10% significant.
Second, we asked the respondents to rank their personal data concerns on a scale from zero (no data concerns) to ten (extreme data concerns). The coefficient was insignificant in model 1. However, in models 2, 3, and 4, this coefficient is positive and significant (Table 3) . Thus, the higher the data concerns of the respondents, the higher the WTA. One can interpret this finding as follows: people likely reveal more private data on a Facebook profile than while searching a term on Google, where the search engines instead helps get transparency in the jungle of the internet. Thus, search engines create transparency and, so, support people with data concerns. In model 3 and model 4, we obtained a positive and significant dummy-variable for education at 10% and 1%, respectively. This means that high-skilled people do value free digital goods more. Interestingly, for the WTA the gender dummy is insignificant. In general, the log-model is of better quality given the R-squared and significant F-test.
Discussion
The statistical analysis accompanied with the regression results corroborates the robustness of our results, particularly, the log-models show a high R-squared and significant F-test. 1 Furthermore, our findings are in-line with the recent literature in this field. The average willingness-to-pay is 12.50 USD for Facebook for one week, according to Brynjolfsson et al. (2018, p. 24) . This is lower than 1 Furthermore, we tested for heteroscedasticity and autocorrelation.
Int. J. Financial Stud. 2018, 6, 87 9 of 13 our 28.26 €. However, as our results are based on a rather young group of people (average age is 24.6), the higher valuation of digital goods is expected. In addition, our results focus on the WTA, which is always higher than WTP.
Facebook has currently around 1.9 billion active users worldwide. Given this number, we obtained an approximate fundamental value of 28.26 € × 1.9bn = 53.69bn € per week. The estimated market value of Facebook was around 441 billion USD in 2017, according to analysts (YCharts 2018; STATISTA 2018) . Consequently, our experimental approach corroborates the high fundamental market value for Facebook.
For Google, we conclude that the average willingness-to-accept is of 121.56 € per week. In comparison, the literature finds a WTP of 337.11 USD in 2017 (Brynjolfsson et al. 2018, p. 56) . The fundamental value of Google and other search engines is reasonable in general. The worldwide market share of Google is estimated at 88% (STATISTA 2018). In Germany, the market share is even at 95%. Given that the experiment was conducted in Germany, and the sample consists of rather young people, our valuations can be justified. Moreover, in 2017, Google had 3.36 billion registered accounts, but the total number of users is likely around 4 to 5 billion, because most of the daily Google users who do not have a Google account (STATISTA 2018). Consequently, a rough estimate based on our experimental data is of 121.56 € × 3.36bn = 408.44bn € per week. Note, the Google market value was 246 billion USD in 2017 (STATISTA 2018). Consequently, the experimental approach confirms the high market valuations of these platforms in general.
Indeed, the results reveal the massive market power of digital platforms. Customers see fundamental value in digital services, despite the fact that they are free of charge. Thus, a price of zero does not mean that platforms have no market power, rather, the opposite. Hence, there is the need of new guidelines for competition policy (Tirole 2017, p. 393) . The new approach requires that the two sides of the market are considered together, rather than being analyzed independently. Of course, our estimates might be too high. Nevertheless, our results are broadly in-line with the literature and confirm the high market valuations of digital goods.
Limitations
Note, the results cannot be generalized easily, because our data consists of a young age cohort. Roughly, 93% of the people in our experiment were between 20 and 30 years old. In addition, there is another limitation, namely, the framing of questions might also lead to behavioral biases. Some respondents were very sensitive to the WTA question in part one. They entered outrageous prices as compensation, without sufficiently thinking about their financial sources and alternatives. Furthermore, in countries such as China, platforms such as Google and Facebook are not available or common. In fact, the Chinese people in our experiment valued Google as, on average, only 77 € per week. While the valuation of search engines in general was equally high to other nationalities. Hence, the unbalanced sample with respect to geography is a further limitation to our study.
Conclusions
This paper corroborates that Facebook and Google have an intrinsic value to users, despite the fact that the service of the digital platforms is free of charge. The valuation for Facebook and Google is of 28.26 and 121.56 € per week, respectively. These mean numbers are sizeable if you compute the customers' value of the digital free services per year. In addition, the value of digital goods is lower for older people. Younger people, higher educated people, and females have a slightly higher willingness-to-pay for digital services. In order to obtain results that are more robust, in the future, we suggest a follow-up study, particularly considering alternative digital platforms, and a balanced sample with respect to nationalities and ages.
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